Zika virus (ZIKV) is a mosquito-borne zoonotic flavivirus. The epidemiology of this emergent hitherto neglected disease has become a poignant interest in the context of the recent outbreaks in South America. The severe impact of which led World Health Organization (WHO) to declare a Public Health Emergency (PHE) of International concern. Interestingly, two recognized and potential vectors of this virus, Aedes aegypti and Aedes albopictus, have been prevalent in most of the habitable continents in the world including the Indian sub-continent. In accordance to the earlier apprehension, several cases of ZIKV were reported in 2017 and 2018 from the states of Gujarat and Rajasthan in Western India. Studies indicated that the emerging arboviral infections generally stemmed from an animal reservoir, but there is inadequate information on the natural history of several arboviruses, like ZIKV, specially their methods of survival during the inter-epidemic period. Hence, a sustained vector-virus and vertebrate-host surveillance is an imperative necessity in Zika endemic and non-endemic regions to formulate strategies for the prevention offuture outbreak, if any. This review is an attempt to provide an understanding of the interplay of Zika virus and its vector/s and vertebrate host/s in reference to today's changing environment.
INTRODUCTION
Zika virus, the mosquito-transmitted virus of family 'Flaviviridae', genus 'Flavivirus'. ZIKV was first identified and isolated from a sentinel rhesus monkey in April 1947 in the Zika forest, Uganda.The second isolation was in 1948 at the same site from Aedes africanus mosquito Haddow et al., 2012) . ZIKV has likely been endemic in certain regions of the world for a long time. However, only 14 cases of ZIKV infection was reported in humans before (Posen et al., 2016 . After 2007, ZIKV outbreak has affected three major continents namely Asia, Africa and America. Although most of the cases of ZIKV infection are devoid of any clinical manifestation, the major symptoms in this context are encephalitis along with other symptoms like fever, headache etc. Unfortunately, the symptoms of ZIKV infection are often misinterpreted with that of the dengue infection. In recent times,World Health Organization (WHO) has declared the outbreak of ZIKV infection as a Public health Emergency (PHE) of international concern, as the increasing reports of congenital abnormalities, such as microcephaly, have been spatiotemporally associated with ZIKV infection. It all started in the continent of Africa where ZIKV was first isolated. Later on a bidirectional territory-expansion took place from Africa. Expansion proceeded up to Nigeria and Senegal in the west while in the east it gradually invaded Eastern Africa as well as Asia. After the first detection of ZIKV in Uganda, serological and entomological data indicated the incidence of ZIKV infection throughout the African continent starting from 1951to 1999 in Nigeria, Central African Republic, Senegal, Cote d'Ivoire, Gabon, Sierra Leone (Fagbami, 1978; Georges et al., 1980; Le Gonidec, 1973 , Chippaux et al., 1981 Bres 1970; Robin 1975) etc. Recently, ZIKV was detected in Senegal in 2011 and 2012. Emerging arboviral infections generally stemmed from an animal reservoir, but there is inadequate information on the natural history of the arboviruses, specially their methods of survival during the inter-epidemic period. This review is an attempt to provide an understanding of the interplay of Zika virus and its vector/s and vertebrate host/s in reference to today's changing environment.
Lineages of Zika Virus
Some scientists indicated that ZIKV emerged in Uganda around 1920, most probably between 1892 and 1942 . In 1961, the researchers isolated 12 strains of ZIKV from the zika forest (Imperato 2016) . Genetic analysis and Cross neutralization tests confirmed that the virus is neither related to Yellow fever nor Hawaiian Dengue although they shared genomic and vectorial resemblance and even required the same ecological conditions to spread (Huber et al., 2019; Dick et al., 1952) .
Initially ZIKV was classified into two major lineages namely African and Asian but recent researches have provided the proof for existence of another lineage called the African II (Shen et al., 2016) . After phylogenetic analysis of all viral sequences, African II can now be considered as the sister lineage of the two previously discovered lineages, and the initially identified African lineage is now named as African I. The genetic data collected from isolations all over the world confirms that the virus originated in East Africa and then spread to West Africa and Asia (Kuno et al., 2007) . The African lineages of ZIKV are classified into two clusters namely MR766 cluster and Nigeria cluster. Recent isolations and identification of strains from African lineage were in Senegal, Cote d' Ivorie, Uganda, Central Republican of Africa, Nigeria and Gabon (Gong et al., 2016) . The Asian lineage of ZIKV can be classified into different strains and those strains can be differentiated into various genotypes. In Asia, the first isolation of ZIKV was from Malaysia (Marchette et al., 1969) and then from Cambodia, Micronesia (Heang et al., 2010; Lanciotti et al., 2008) and French Polynesia. ZIKV infection might be circulating in Southeast Asia for over half a century and the recent evidences exhibits that a high level of genetic diversity of ZIKV in this region. The Asian ZIKV lineage has been found to be the reason behind the outbreaks in the Americas (Liu et al., 2019) . The recent studies confirm that African strains have shown a higher transmission rate and infection prevalence than that of the Asian strains in Aedes aegypti (Simonin et al., 2017) . It has been reported that Asian-lineage strains replicate at low levels in the tissues, months after the initial infection, whereas in case of African strains the number of such conditions is also significant (Simonin et al., 2017) .
Evolution of Zikv: Phenotypical and Molecular Aspects
ZIKV also has high mutational rate and ecological adaptability. Initially it was confined within the forest ecosystem and the host range was also narrower. Mainly, the non-human primates of the forest were the reservoir and amplifier hosts of ZIKV. There are probably three main interlinked reasons behind the evolution of ZIKV st in the 21 century, i.e., urbanization, travel and viral evolution. Urbanization and establishment of megacities in tropical environments are favorable for A. aegypti to expand its home range (Li et al., 2014) . Deforestation comes hand in hand with urbanization resulting in the reduction of the forest ecosystem, leading to habitat destruction of large varieties of animals. Hence, a potential rewiring of host-parasite and prey-predator interactome (a whole set of molecular interactions) is required. Changes in the abundance of various components of the ecosystem or a community pathogen's including viruses have faced a constant pressure for modifying its host range (Alera et al., 2012) . Global warming and expansion of territory of the vectors are indirectly related to each other as the rise of temperature is allowing A. aegypti to overcome geographical restrictions that are caused by low temperature (Paixao et al., 2018) . A. albopictus, another potential vector of several arboviruses including ZIKV, is now found in different parts of the world and can be referred to as global vector (Bhattacharya, 2009) . Under the influence of all these factors ZIKV has evolved through constant genetic changes in a multi-lineage fashion.
International and domestic travel also helped ZIKV to overcome geographical barriers. Infected humans can act as introducer of ZIKV during their travel to non endemic areas. During the period of November 2015 to September 2017, total number of travel-associated Zika cases was reported to be 588 in California, which included 139 infected pregnant women. Among them, 10 congenital infections were reported and sexually transmitted infections were 8 in numbers (Porse et al., 2018) .
The genetic recombination events along the entire genome of ZIKV have been found to be significant. Recent studies indicated that ZIKV may have experienced several recombination events, which is uncommon among flaviviruses (Simon-Loriere & Holmes, 2011). There are 13 different sites of genetic recombination that have been reported throughout the entire genome of ZIKV. Some sites, encounter positive selection pressure for recombination, while some other sites have experienced negative selection pressure. However, these two different selection pressures account for the adaptability and survivability of the ZIKV. Sequential blood-meals taken from different hosts help to bring multiple strains together and thus facilitate the events of recombination . ZIKV has maximum sequence similarities in genome with DENV2 (54.5%) (Mourya et al., 2016) among other flaviviruses and have common vectors, reservoir hosts with DENV and Yellow Fever Virus. The recombination events in Flavivirus can be both intergenomic and intragenomic (Taucher et al., 2010) . It has been evident that the occurrence of ZIKV is more frequent, with an interval of 1-2 years in comparison to the cycle of DENV and yellow fever virus which occurs at an interval of 5-8 years. Such frequent activity can help in co-circulation and recombination of multiple genotypes of the ZIKV in forest environment . Dengue antibody dependent immune enhancement might also contribute to the dissemination of ZIKV and severe disease outcome (Liu et al., 2019) .
Aedes-Zika Co-Evolution
The co-evolution of ZIKV with Aedes mosquito adds further to the complexity of the situation. It has been found that ZIKV is not solely dependent on A. aegypti or A. albopictus for its transmission, rather it is expanding its range of vectors via change in N-linked glycosylation sites of the envelop protein(E) (Sirohi et al., 2016) . For virus-vector interaction these glycosylation sites have been proved to be important. Asn-154 residue in the alpha helix region of the envelop protein has been found to be a site for N-linkedglycosylation. A probable motif conserved for many ZIKV strain is 'Asn-x-Thr' . Throughout the history of ZIKV evolution, the Threonine residue of Asn-x-Thr has been mutated to Isoleucine for several times and has affected the subsequent interaction of Zika virus with the vector causing periodic outbreak of the disease. Aedes dalzieli, a zoophilic vector of ZIKV was possibly favored for adaptation by the loss of the Asn-154 glycosylation site in the envelope protein of ZIKV . This kind of adaptive co-evolution in Aedes and ZIKV can bring disastrous results in future via the accession of a broader range of hosts and reservoirs.
Principal and Suspected Vectors of Zikv
The principal vector for ZIKV in Africa is A. africanus. In Asia and America, A. aegypti and A. albopictus have been established as potential vectors. The different vectors of ZIKV and the places from which they have been detected have been listed in Table 1 .
Table 1: Mosquitoes from which Zika-virus (ZIKV) have been detected
The ZIKV was formerly isolated in Africa from Aedes africanus mosquitoes that were collected from Zika forest, Bwamba country, Uganda, in 1948 , 1958 and 1964 Weinbren & Williams,1958; Haddow et al.,1964) . In 1969, ZIKV was obtained from Aedes africanus and Aedes apicoergenteus collected from the Zika Forest, Uganda (Mccrae & Kriya,1982) .
However, a contemplative study was practiced in 2014 that investigated Aedes africanus and Aedes opok collected from the Central African Republic, West Africa, way back in 1976. This research included the phylogenetic analysis of the ZIKV strains that clustered together in their African lineages (Berthet et al., 2014) . ZIKV has been proved to undergo many recombination Malaysian Journal of Medical Research | Vol. 3 (4) OCTOBER 2019 | 16 WHO (2017) EMERGENCE OF ZIKA VIRUS events as detected in Aedes dalzieli, Aedes africanus, Aedes aegypti and Aedes furcifer. This was brought to light when the virus isolated from West Africa was examined in 1968 to 2002. This phenomenon could crucially be associated to the zoophilic mosquito Aedes dalzieli which harbors various ZIKV strains at the same time while taking blood meals from different animal species .Another contemplative study was carried out in Senegal, West Africa that examined the samples collected from 1962 to 2008. This showed that the ZIKV was present in Aedes aegypti, Aedes dalzieli, Aedes furcifer, Anopheles africanus, Anopheles coustani, Anopheles gambiae s.1. and Mansonia uniformis (Althouse et al., 2015) .
ZIKV was isolated from Mansonia uniformis, Culex perfuscus and Anopheles coustani in 2011 from Southeastern Senegal . In 2007, the very first infection of human with ZIKV was marked in Gabon, Central Africa. The emergence of Aedes albopictus, a specific mosquito species that invaded the urban areas of the country was probably the cause behind this (Grard et al., 2014) . Till this time, ZIKV had not been distinctly recognized due to its similarities with dengue and chikungunya viruses (Grard et al., 2014) . Central Africa and Mozambique in Southeast Africa has been invaded by Aedes albopictus that has replaced the native Aedes aegypti (Ngoagouni et al., 2015) and exhibits a vigorous augmentation of temperate climates all over the globe (Kampango & Abilio, 2016) .
The Aedes mosquitoes are prevalent in the Pacific, the most abundant being Aedes aegypti succeeded by Aedes albopictus (Ngoagouni et al., 2015) which are recognized for spreading chikungunya virus, dengue virus and ZIKV (Kampango & Abilio, 2016) . In the Asian lineage of ZIKV, they are considered to be the efficient vectors and their frequency has increased in 2011 to 2014 (Kampango & Abilio, 2016) . In 1969, ZIKV was isolated from Aedes aegypti (Calvez et al., 2016) . An epidemiology of ZIKV among the human race was most probably propagated by Aedes aegypti in Indonesia in 1978 during monsoon but no research has been carried out to confirm the existence of ZIKV in the mosquito (Roth et al., 2014) . However, an experiment that included inoculation of local Aedes aegypti with Uganda strain of the ZIKV, showed the transmission of the virus in Singapore (Wong et al., 2013) .
The most persistent mosquito among the twelve species belonging to four genera was Aedes henselli on Yap Island, in the Federated State of Micronesia. ZIKV was seen to be absent in the specimens that were collected in two studies (Olson & Ksiazek, 1981; Ledermann et al., 2014) . The experimental inoculation of ZIKV into Aedes henselli was carried out on Yap Island of with 80% being colonized among which 23% showed infection. Hence, it was uncertain whether Aedes henselli was a vector or not (Ledermann et al., 2014) . On the other hand, in French Polynesia, the extensive epidemic that took place in October 2013, showed the presence of Aedes henselli more than any other species, concluding it to be a probable vector of ZIKV (Duffy et al., 2009 ) and at the epidemiological peak, Aedes aegypti and Aedes polynesiensis were pointed at.
In Brazil, the transmission has been carried out by Aedes aegypti and Aedes albopictus, Aedes aegypti was found both in the rural and urban areas spreading chikungunya virus and 4 dengue serotypes but Aedes albopictus was more confined to the urban areas (Ioos et al, 2014; Petersen et al., 2015) . The migration of humans to different places in the urban areas makes way for the rapid transmission of vectors along with the diseased humans.
Aedes albopictus has successfully colonized nearly every Mediterranean country and is constantly being dispersed throughout Central and Northern Europe. Aedes japanicus in Central Europe, Aedes atropalpus in North Italy and Netherlands, Aedes koreicus at the Swiss-Italian border, Belgium (Marcondes & Ximenes, 2015) and Germany and Aedes aegypti on Madeira, Russia, Abkhazia and Georgia (Boukraa et al., 2015) have established themselves as ZIKV vectors.
Vectors such as Aedes aegypti and Aedes dalizeli feed on various animal species and humans and increase the chances of variability of the genetic material of ZIKV strains (Duffy et al., 2009; Kuno & Chang, 2005) .
The increase in the human population, the migratory movements and the limitless growth of slums have provided the potential to increase the frequency of study in Zika Forest, Uganda but the virus reservoir was not yet identified . Mild or no clinical presentations were displayed by the monkeys but after 5 days of experimental infection, neutralizing antibodies were developed in them (Dick,1952 ). Yet again, wild mammals in Senegal showed the presence of anti-ZIKV antibodies during 1967 -1968 (Bres,1970 . In 1978, anti-ZIKV antibodies were reported in ducks, goats, cows, horses, bats and water buffaloes in Lombok, Indonesia but were not detected in rats, chickens or wild birds. This highlighted the circulation of the virus in domestic animals (Olson et al., 1983) .
Antibodies against ZIKV were next detected in monkeys in Gabon in 1982. (Saluzzo et al.,1982) In Pakistan, antibodies against ZIKV were detected in the year 1983 among goats, domestic sheep, rodents and in human sera as well (Darwish et al.,1983) . In 1996 In -1997 in Borneo Malaysia, samples collected from wild and semi-captive orangutans showed the presence of antibodies against ZIKV (Wolfe et al., 2001) . From 1968 to 2002, the samples that were collected from West African monkeys showed the presence of ZIKV that was detected with the help of RT-PCR ). From 1962 , the samples collected from the West African monkeys showed the presence of specific ZIKV antigens with serology assays (Table 2. ) (Althouse et al., 2015) . The antibody detection assays can have the risk of cross-reaction with other co-circulating viruses in a particular organism (Vorou, 2016) , so detection of antibody doesn't confirm an animal as a reservoir, but mark them as potential reservoir.
Aedes aegypti and Aedes albopictus as they have the capability to live in stagnant water collections found in the human gatherings (Marcondes & Ximenes, 2015; Erguler et al., 2016; Calvez et al., 2016; Ioos et al., 2014) From the table, it can be seen that, 15 species of Aedes, 3 species of Anopheles, 2 species of Culex and one species of Mansonia may be responsible for spreading the ZIKV through both the Asian and African lineages. The finding of antibodies against virus in these mosquitoes doesn't make them competent vectors, but do potentiate them as probable vectors. Amongall the 15 species of Aedes mosquito only two species, Aedes aegypti and Aedes africanus are the predominant ones. They are the principal vectors of most of the major mosquito borne viral diseases across the world. They have high ecological adaptability and genetic flexibility that enables them to survive in the different environments of rural, semi urban and urban areas.
Principal and Possible Reservoirs of Zikv
ZIKV was first isolated from rhesus monkey in a 1947 
Eco-climatic Factors and Territorial Expansion of Aedes Vectors
Research showed that Asian tiger mosquito (Aedes albopictus) is expanding its territory along with climate change in North-eastern US (Rochlin et al., 2013) . Numerous independent studies have revealed that eggs of Aedes albopictus in diapause state are unable to survive extreme cold temperatures in the winter. Various parameters were selected for drawing the correlation between availability of Aedes albopictus and climate of the concerned place. Several factors which include the annual mean temperature, mean diurnal range, isothermality, temperature seasonality, maximum temperature of warmest month, minimum temperature of coldest month, temperature annual range, mean temperature of wettest quarter, mean temperature of driest quarter, mean temperature of warmest quarter, mean temperature of coldest quarter, annual precipitation, precipitation of wettest month, precipitation of driest month, precipitation seasonality, precipitation of wettest quarter, precipitation of driest quarter, precipitation of warmest quarter, precipitation of coldest quarter, January precipitation, land use/cover, elevation, were used as the main model systems. Among all these, 'mean temperature of the coldest quarter' is proved to be the most important model system. Due to global warming the mean temperature of all the continents is shifting towards the higher temperature. Hence the previously known lowest temperature is not valid anymore. Moreover, studies based on the tolerance of Aedes mosquitoes to cold temperature in lab condition for 24 hours have shown to be not very fruitful. Ultimately the mean temperature of coldest quarter matters the most in the context of territory expansion of Aedes.
DISCUSSION
ZIKV has been isolated from various species of mosquitoes belonging to different genera in Africa and other areas of the world (Table 1) . Although, a couple of species belonging to the genera Aedes, i.e. Aedes aegypti and Aedes albopictus seem to play a significant role in human outbreaks of ZIKV. The finding of the virus/pathogen in a particular species of mosquito is not a proof by itself that the species is a vector to man/animal. Additional evidences such as that the species is common enough and has reasonable contact with humans or both animals and humans (in case of zoonotic diseases), may therefore be helpful. Nevertheless, isolation of ZIKV from other mosquito species has added a new dimension in the epidemiology of the disease and some of them might have some role as a complementary vector. The diverse feeding habits of the principal and complementary vectors possibly keep the virus circulating in the reservoirs throughout the year. ZIKV-infected Cx. quinquefasciatus from urban areas with high microcephaly incidence in Recife, Brazil has been reported by Guedes et al., (2017) . Interestingly, they were able to detect the presence of ZIKV in the midgut, salivary glands and saliva of artificially fed Cx. quinquefasciatus. These findings indicate that there might be a wider range of ZIKV vectors than anticipated. Amraoui et al., 2016 , however stated that this species were experimentally unable to transmit ZIKV. Nevertheless, the attainment of the vectorial status itself is a dynamic phenomenon and with the passage of time some suspected mosquitoes may become epidemiologically important which donot have any substantial public health significance at present. Global warming, urbanization, globalization of humans are likely to reshape the ecology of many vector mosquitoes such as ubiquitous Cx. quinquefasciatus, which might have a wide-ranging effect on the epidemiology of the mosquito-borne diseases including ZIKV . Animal hosts such as monkeys are recognized as animal reservoirs and play an important role in the amplification and maintenance of the ZIKV. Apart from recognized potential reservoir/ amplifying hosts, ZIKV/antibody has also been detected in several other homoeothermic vertebrates ( Table 2) . The finding of the antibody however, is not itself a proof that the animal is a reservoir host of the virus. As time passes by, the animal and arbovirus interactions may change dynamically and some of these animals from which Zika antibodies have been detected could transform in epidemiologically important ways and subsequently may attain the status of a potential reservoir/amplifying hosts of the ZIKV in future, especially in the context of changing climate and environment. The animal sources and viral lineages suggest that ZIKV is dispersed widely among distinct animal species without a clear pattern of preferences, which might be associated to the maintenance of the enzootic cycle of ZIKV with a broad range of hosts and vectors (Kuno & Chang, 2005) . Along with the recognized principal reservoir hosts i.e., rhesus monkeys, some of these animals might have some complementary and secondary role in the maintenance of the enzootic cycle of the ZIKV. The principal and complementary reservoir hosts possibly keep the virus circulating perennially in nature and epizootic occurs at the time of higher than average level of virus circulation. The virus spills over to the humans during this higher level of virus circulation in nature i.e., during the epizootic cycle of the virus (O'brien et al., 2011) . A similar phenomenon has been evident in case of Japanese encephelities (JE) virus, a zoonotic mosquito borne disease (Bhattacharya et al., 1986) . Transovarial transmission of ZIKV in mosquitoes (Ciota et al., 2017) and via semen between sexual partners in humans during intercourse has also been reported. This is possibly an important mechanism for the maintenance of ZIKV in nature especially in the urban areas.The factors like global warming, travel associated dissemination; also possibly contribute to the viral sustenance in urban areas. There is substantial evidence that temperature variability is a major driving force of disease transmission across diverse vector-borne pathogen systems (Mordecai et al., 2017; Liu et al., 2014; Siraj et al., 2014) . Mosquitoes are ectothermic animals and their physiology, life history and vectorial capacity (Murdock et al., 2013; Adelman et al., 2013; Liu et al., 2014; Mordecai et al., 2017; Delatte et al., 2009; Mordecai et al., 2014; Kilpatrick et al., 2008) exhibit unimodal responses to changes in temperature. Mosquito species which have a preference towards animal blood could get the virus from a wide range of low viraemic animals, but may not be able to attain the infective stage and transmission competence as there is inadequate titre level and short duration of viraemia in those animals. Along with sexual transmission, transovarial transmission of ZIKV from mother to foetus is causing the most destructive outcomes such as microcephaly in new-born babies (Abidi et al., 2016; Tesh et al., 2011) . These observations point out the alarming fact that ZIKV has potential disposition for germ line mediated transfer, a trait previously not perceived among other mosquito-borne viruses. Although the ZIKV infections have been found in diverse non-human vertebrates in natural and laboratory condition, additional evidences like titre level duration, vector predilection, host susceptibility and immune response of the newborn host population are needed to recognize those animals to be the potential reservoirs/amplifying hosts of the virus (Table 2) . In natural condition, low viraemia could cause the transmission and infection to mosquitoes; however, this depends on low viraemic host numbers and doseinfection transmission relationship, duration of viraemia and the number of the vector mosquitoes biting these low viraemic hosts. Animal and arbovirus interaction is a dynamic phenomenon and along with sexual transfer, it poses a potential future threat of possible genetic alterations and modification. This may lead to germline compromisation of massive consequences in the unsuspecting hosts. Extensive surveillance of ZIKV in competent mosquito vectors and seroepidemiological EMERGENCE OF ZIKA VIRUS study would be helpful in understanding the vectorand vertebrate/host diversity as well as for assessing the risk of ZIKV infection in Zika endemic and non-endemic areas.
CONCLUSION
Recent outbreaks of ZIKV, a mosquito borne zoonotic Flavivirusled World Health Organization (WHO) to declare a Public Health Emergency (PHE) of International concern. As there is no political boundary to which viruses and mosquito vectors restrict their activities especially in this globalised world, the possibility of the entry of ZIKV in hitherto unaffected regions by aircrafts and ships having infected mosquito vectors, animal reservoirs and humans is a matter of concern. Hence, a sustained vector-virus and vertebratehost surveillance is an imperative necessity in Zika endemic and non-endemic regions in order to formulate area-wise strategies for the prevention offuture outbreak, if any.
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